parent-forms. He claims to have found several hybrids from whole eggs with pure parental form.
In a later paper, MORGAN (3) als0 claims to have found pure paternal hybrids between Echinus and Sphaerechinus. After trying to fertilize egg-fragments, with or without nucleus, with sperm of the same, or a related species, MORGA~ (4) concludes that BOVERI'S result need not be impossible, but that his conclusion is based on insufficient evidence. In 1895, BOVERI (5) repeated his original experiments. He was able to fertilize fragments of Sphaerechinus eggs with Echinus sperm, and from tbis union he got living larvae. He also succeeded in fertilizing enuelcated egg-fragments of Echinus with sperm of the same species. But he never succeeded in fertilizing isolated, enucleated egg-fragments of Sphaerech~nus with Echinus sperm. In fertilizing egg-fragments of Sphaerechinus, enucleated and nucleated mixed, with Echinus sperm, he got some dwarf-larvae of parental type, which he thought to have originated from enueleated fragments. Cross-fertilization of enucleated fragments, with sperm of some, other species, was achieved only much later, by GODLEWSKI.
LOEB (6) tried to shed some light on this problem by approaching it from a different point of view; by fertilizing the eggs of Strongylocentrotus with sperm of the starfish Asterias. The starfishbipinnaria, at the same age, at which the sea-urchin-pluteus has formed a skeleton, has yet no trace of skeleton. Therefore, it was important to note, whether the hybrids would form a skeleton or not. In every instance the hybrids produced a sea-urchin skeleton.
In this case, the objection was possible, that the two nuclei had not fused, but this gap was filled out by GODLEWSKI (7) who showed, by histological preparations that the paternal chromosomes partook actively in the first mitoses of the heterogeneous hybrids. GODLEWSKI also was the first who succeeded in fertilizing isolated enucleated egg-fragments with sperm of a species, belonging to a wholly different group. The ensuing hybrids were just as those from whole eggs, of completely maternal type in the first stages.
Afterwards, HERBST (8) tried to influence the preponderance of maternal characters in hybrids by a combination of LOEB'S method of artificial parthenogenesis and fertilization. In the different combinations he tried, he hardly ever got complete preponderance of the mother. Prof. LOEB suggested me to repeat HERBST'S experiments. But it came out in preliminary experiments, that any strengthening of maternal characters must be out of the question, with the forms used by me, simply because my hybrids were purely maternal in every instance.
Description of the Forms Used.
In my experiments, I only used the eggs of two species of the genus Strongylocentrotus; S. Purpuratus and S. Franoiscanus. Both species were to be had fresh every day in any quantity.
Both S. Purpuratus 'and S. Franciscanus plutei present a vast amount of fluctuating variability in nearly every point. Therefore it is wholly insufficient to give one figure as representing the pluteus of either S. Purpuratus or S. Franciscanus. It is necessary to give a whole series of drawings of plutei of both the species ( Fig. 1 and 2 ). In order to be able to make more exact comparisons, I chose a tolerably stable character, the form of the apical end of the anal side of the skeleton. Other characters, the proportion between different parts of the skeleton, the form of the intestine, the length of the arms as compared with that of the body, are also extremely variable.
The figures of the two pure breeds show this variability of the apical skeleton-end quite clearly (Fig. 3, 4 7 5, 6 and 7) .
The fluctuating variability of the parent-forms is an important fact, that must be kept in mind when discussing the variability of the hybrid offspring, as it would be possible to attribute some deviations in the hybrids to influence of the father, whereas the same deviations could be found in equally large series of the mother-form.
STEt~Br breeds by FISCHEL (16) . In fact, the slight differences between these three forms as represented by FISCHEL are so insignificant, compared with the difference between different individuals of pure Strongylocentrotus represented by STSINBRtiCK, that one would have expected to meet similar differences in a sufficiently large number of Strongylocentrotus Dividus.
As will be seen from the figures of either S. Purpuratus or S. Franciscanus, the shape of the apical end of the skeleton in these Purpuratus have club-shaped, straight ends, with few, if any spines, that touch in the apex of the pluteus, whereas the skeletons of ,g.
Franciscanus generally have ends that are beset with protuberances and spines, and which are bent toward each other in the upper part and are not club-shaped.
But even if these descriptions would fit most of the skeletons, it would lead to a wholly wrong interpretation of the skeletons of the hybrids, were we to depict of each form only one skeleton, of of S. Franciscanus. We must never forget that the differences amongst the parent species in this respect are just as important as those amongst the. hybrid forms. As the part of the skeleton, now under discussion changes somewhat with the age of the pluteus, I made series of figures of skeletons at different stages of differentiation.
Method.
The females were opened immediately after being washed in running fresh water. The ovaries of each female were kept in a separate dish in filtered sea-water. Both these forms are very favorable for crossing-experiments, as each is readily fertilized with the other and with sperm of the starfish Asterias Ochracea in suitable media. In all those crossings, the eggs develop normally and give a large number of healthy plutei in nearly every culture.
As VEa~ION states that in his crossings the degree of ripeness of one or both the forms used plays an important r61e, it may be well to state, that at the time of my experiments, May and the first part of June, both S. Franciscanus and S. Purpuratus were full ot mature eggs and spermatozoa.
As a rule, the eggs of S. Purpuratus gave much more uniform results than those of S. Franciscanus. When the eggs of S. Franciscareus and S. Purtntratus were fertilized with each others sperm, usually every mature egg formed a typical membrane. Since in the first place it was my object, to have the larvae develop as far as possible, I had to take precautions to lessen the danger of bacteria. The dying spermatozoa contributed higbly to this danger. In most instances, a culture, that remained in the bowl with the sperm would look reddish or bluish and milky the next day, and was already decaying. Even if there were living blastulae in such a culture, these were seldom able to develop) further than to dark, sickly gastrulae. As most of the agglutinated and dead spermatozoa gather on the bottom, I think it an unsafe way to pour off the water and add new. I always took the eggs out with a pipette, after gathering them in the middle of the bottom by gently shaking.
S. Purpuratus ~ and S. Franciscanus Cj ~ Both the crossings, S. Franciscanus ~2 S. Purpuratus ~_
I could nearly always perform in normal sea-water, b~early every culture of the crossed breeds gave me a considerable number of normal plutei.
Comparison of the two Hybrids with the Pure Breeds of S. Purpuratus and S. Fra~ciscanus.
As exact measurements are made impossible by the great variability of both parents and hybrids, the only way to make a comparison, is to compare a whole series of skeletons of the hybrids with 
S. Franciscanus
:Not only were both hybrids between the two species Strongylocentrotus purely maternal, but both species also gave hybrids of the mother type, when the eggs were fertilized with sperm of the starfish Asterias (see Figs. 12--15 ).
Asterias Ochracea C~ Hybrids. Strongylocentrotus
To get a considerably number of Strongylocentrotus eggs fertilized with spermatozoa of Asterias, it was nearly always necessary to raise the degree of alkalinity of the sea-water. With S. Purpuratus, this was always so; S. Franciscanus not only required less alkali as a rule, but in several instances, fertilization was possible in normal sea-water, in fact, the only female that gave 95 o/o of developing eggs, when fertilized with sperm of Asterias, permitted fertilization in normal sea-water. To give a few examples:
June 4th. I tried to fertilize both S. l~urpuratus and S. Franciscanus with Asierias.
For S. Purpuratus the series was: As we have seen Strongyloeentrotus eggs develop equally fast, whether fertilized by their own or by spermatozoa ofAsterias Ochracea. The skeletons of the two parents can not be compared here7 as the young Asterias bipinnaria has no skeleton at all, at a correspondingly early stage. The only way in which the influence of the father could be expected to show itself, would be by hindering the development of the skeleton. But on the contrary, we see, that for nearly every form in the series S. Asterias C~ Fig. 13 
Comparison of the Larvae of S. Franeiscanus and S. Purpuratus from Fertilized Eggs with those from Eggs Developing Parthenogenetiely.
When we compare the skeletons of S. Purpuratus and S. Franciscanus, each fertilized with its' own sperm, with those of the parthenogenetic plutei of the same forms, we see that all vary considerably. This variability however is the same for plntei from fertilized S. Purpuratus eggs and such from eggs developing parthenogeneticly. Between series of S. Franciscanus fertilized and of Pathological variations are very apt to be overlooked, but nevertheless, in comparing hybrid larvae with parent forms, one must be very careful, not to ascribe any pathological deviation from the mothertype to an influence of the father. STEINBRI~CK mentions the same source of error. He explains the extremely great difference between his Strongylocentrotus plutei as possibly the consequence of the extraordinary way in which the eggs were taken from the females. By forcing air into the body-cavity of the animals, the eggs were pressed out through the narrow genital-pore. STEINBRUCK thinks that the subsequent abnormal development of the larvae observed by him, might have been due to an injury caused by this faulty method of taking out the eggs.
As S. Franciscanus and S. Purpuratus develop with equal rapidity, the rate of development could not be used as a criterion for the comparison of the hybrids with the pure breeds. In every other character, besides the skeleton, size of the larvae, length of the arms as compared with that of the body, form of the intestine the hybrids were purely maternal.
Do the results of the previous workers agree or conflict with our results ? It remains to discuss the results of some authors, who hybrid larva approached more closely to one type or to the other,.
Seeing the large amount of variability, in pure as well as in hybrid cultures, he, on the contrary, concludes that measurements are absolutely unreliable. He says: ,Ein ziemlich sicheres Urteil tiber die Bastardform zn fallen ist mir nur dann mSglich gewesen, wenn ich dieselben nicht einzeln betraehtete, sondern wenn ich mir ganze.Zuehten derselben, oder doeh mehrere Individuen derselben Zucht in ihrer Mannigfaltigkeit vor Augen fUhrte., I think this utterance especially important, as later authors, for e~ample Fxscs~, have not set much value upon this variability in discussing their results in cross-breeding. BOVERI (12) eriticises DamscH~s work and comes to other results.
Echinus ~ for example, where Echinu8 has In the combination Sphaerechinus a high, Spha~rechinu8 a low number of mesenchym-cells, he gets a number for the hybrid, that lies between those of the parents. AO an illustration he gives figures of a larva of the mother form with the average number of mesenchym-cells, a larva of the father species with a number above the average, and a hybrid larva with a number, also higher than the average.
Next he gives figures of pure Strongylocentrotus, pure SphaerStrongylocentrotus (~ larvae, in which the Stro~gylo-echinus, and Sphaerechinus 9-centrotus larva has one, the hybrid two, and the Sphaerechinus three beginnings of anal bars. He does not mention whether this character varies at all in the two pure or in the hybrid forms, or whether in every instance the young skeleton looks as depicted. He concludes that influence of the spermatozoon could be noticed in the following: The form of the larva, the skeleton, the number, the qua]ity, and the arrangement of the chromatophores, the number of mesenchym-cells, and under certain circumstances the size of the larva.
In a later paper, (13), DRIESC~ relates new series of experiments of the same scope as his previous ones. Again he finds the number
Strongylocentrotus ~ and Echinus (~ of mesenchym-cells in
Sphaereehinus ~ Spha~reehinus ~.
purely maternal. Concerning the size and form of the larvae, he gives figures, that show the considerable variation in pure and hybrid cultures. In certain cases he considers influence of the father on the pigmentation of the hybrid offspring possible. In a short paper, (14) , BOVERI tries to show, that, after all, DRmSCH has not been able to prove, that in any of the seven points given by BOVERI, the hybrids are purely maternal.
HERBST (15) has worked out the different influences of temperature on the ensuing larva and also the effect of damaging either spermaStrongylocentrotus (~ he found tozoon or egg. In the combination Sphaerechinus ~_ that in high temperature, more larvae formed a skeleton of the maternal type than in lower. He certainly takes the individual varia. bility of his pure forms into consideration. Damaging either egg or spermatozoon, sometimes gave sickly larvae, but the relation of the appearances of hybrid and parent was not changed. In the combina-
Strongylocentrotus (J and
Echinus (f tions Sphaerechinus ~.-Sphaerechinus 2' HERBST got some larvae of mother type. Afterwards, he tried to get motherly preponderance by a combination of parthenogenesis and fertilization in the Strongylocentrotus C7 After treating the eggs with acetic, combination Sphaerechinus 9 " butyric, or propionic acid for different lengths of time, he fertilized them. These larvae showed much stronger the maternal influence than his normal hybrids. Nevertheless he got no pure maternal larvae.
FISCttEL (16) purely maternal. To be sure that the larvae did not develop parthenogeneticly he made a number of histological preparations, from which he could decide that the ehromatin, brought into the Strongylocentrotus egg by the Antedon spermatozoon did not degenerate, and actually partook in the formation of the embryo. The influence of the spermatozoon, he found, was limited to certain influences on the development, not on the vitality of the larvae. Sometimes the development of some organ was retgrded. GODLEWSKI even fertilized parts of Strongylocentrotus eggs without nucleus with Antedon. The mortality of the ensuing larvae was exceptionally high, but those arrhenoearyotic larvae that did develop were purely maternal. I succeeded in fertilizing some egg-fragments of S. Franciscanus with Asterias sperm, but had to give up trying to fertilize e-nucleated, isolated fragments, because I was never able to decide, with absolute a given fragment had a nucleus or lacked it, certainty, whether without staining it.
My work was carried out in Pacific Grove, California, in tile laboratory of Prof. J. LOEB, to whom I am sincerely obliged 7 also for many valuable suggestions.
Summary,
1) Considerable numbers of pure-bred cultures of both Strongylocentrotus Purpuratus and S. Franciscanus were raised during the experiments. In addition, eggs of both species were made to develop parthenogenetieally~ and the two kinds of hybrid-plutei were raised, S. Purpuratus C~ S. l~ranciscanus (~ S. Franciscanus ~2 and S. Purpuratus ~_ " Eggs of both species were also fertilized with sperm of the starfish Asterias ochracea, and hybridAsterias (~ Asterias plutei produced from this union, S.Purpuratus ~2 and S. Franciscanus 2"
2) Pure breeds as well as all the hybrids showed a certain latitude of variability in the form of the skeleton of the pluteus. On comparing large number of plutei of the four different kinds raised from the eggs of each of the Strongylocentrotus species, this variability proved to be within the same limits in all the different breeds.
3) The different breeds of hybrids were without exception always purely maternal. No difference whatever could be detected between the plutei of the pure breeds of S. P~irpuratus, the parthenoAsterias C~ genetic plutei of S. PmTurat~s , the hybrid plutei S. Purpuratus Zusammenfassung, 
